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ABSTRACT 
 
Computer Supported Cooperative Work (CSCW) is an academic research field focused on 
understanding characteristics of interdependent group work with the objective of designing 
adequate computer-based technology to support cooperative work processes. One of key 
concepts behind CSCW is the provision of relevant information to each worker in a team, a 
concept named awareness. As the market and research community have already perceived the 
importance of provide fast and reliable information among team workers, it shares the interest 
of CSCW in awareness improvement. This work proposes the identification of collaboration 
tools used by agile teams and the analysis of the quality of awareness support in them by 
responding the following research question: what is the quality of awareness support in 
collaborative tools used by agile teams?  The research was conducted as a systematic 
literature review (SLR) and a survey. The SLR analyzed published papers on agile 
collaborative tools to identify which are the most used ones by agile teams and how to 
perceive them by CSCW classification. A survey was responded by 200 IT professionals to 
assess twelve selected collaboration tools regarding their awareness categories. The results 
outlines some of the strengths and weaknesses that can be used to propose improvements or 
help users to choose which tool should be implanted given a particular awareness category in 
concern. The lowest overall evaluated score category was location awareness with an average 
of 238.48 out of 600 points, while the highest was workspace awareness with an average of 
374.62 out of 600 points. 
 
Keywords: Awareness support; Agile collaboration tools; CSCW; Quality of awareness. 
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RESUMO 
 
Trabalho cooperativo suportado por computador (Computer-supported cooperative work 
(CSCW)) é uma área de pesquisa acadêmica focada no entendimento das características do 
trabalho em grupo interdependente com o objetivo de desenhar tecnologias de computador 
adequadas para suportar processos de trabalho cooperativos. Um dos conceitos chave do 
CSCW é o provisionamento de informações relevantes para cada trabalhador em um time, um 
conceito chamado de conscientização. Como o mercado e a comunidade de pesquisadores já 
perceberam a importância de prover informações rápidas e confiáveis entre membros de 
equipes, estes compartilham o interesse do CSCW na melhoria da conscientização. Este 
trabalho propõe a identificação ferramentas colaborativas usadas por times ágeis e a análise da 
qualidade de conscientização destas respondendo a seguinte pergunta de pesquisa: qual é a 
qualidade de suporte de conscientização em ferramentas colaborativas usadas por equipes 
ágeis? A pesquisa foi conduzida como uma revisão sistemática de literatura (RSL) e um 
survey. A RSL analisou publicações em ferramentas colaborativas para identificar quais são 
as mais utilizadas por equipes ágeis e como percebe-las pela classificação de CSCW. O 
survey foi respondido por 200 profissionais de TI para avaliar doze ferramentas colaborativas 
selecionadas a respeito de suas categorias de conscientização. Os resultados ressaltam alguns 
pontos fortes e fracos que podem ser usados para propor melhorias ou para ajudar usuários a 
escolher qual ferramenta deve ser implantada tendo uma categoria de conscientização em 
questão. A categoria com pontuação mais baixa foi a de conscientização de localidade com 
média de 238,48 de 600 pontos, enquanto a pontuação mais elevada foi a de conscientização 
de espaço de trabalho, com média de 374,64 de 600 pontos. 
 
Palavras-chave: Suporte a conscientização; Ferramentas Colaborativas Ágeis; CSCW; 
Qualidade de conscientização. 
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1 INTRODUCTION 
 
The worldwide nature of today’s market has forced many companies to decentralize their 
organizational structures. Facing the growing complexity of business problems, these 
companies must expend considerable effort increasing the effectiveness of their production 
processes, augmenting their product quality, and reducing the time it takes to get their 
products to market. They require optimally tailored working environments, which open new 
application domains for Computer-supported Cooperative Work (CSCW) (REINHARD et al., 
1994). Over the previous decade, CSCW has emerged as an identifiable research area focused 
on the role of the computer support in group work (RODDEN, 1991). CSCW is a term that 
indicates a variety of technologies that enable teams of workers to cooperate electronically 
(PAPADOPOULOS, 2010, 2015). 
 
In the area of CSCW, Dourish and Bellotti (1992) introduced the awareness term in their 
seminal paper, defining it as “an understanding of the activities of others, which provides a 
context for your own activity”. Awareness has been a focus of research in CSCW for over 
twenty years, and Rittenbruch and McEwan (2009) present a thorough overview of its history. 
Contrary to its relevance, Antunes et al. (2013) concludes that little research has been done to 
assess the quality of awareness support provided by a specific system. 
 
Evaluation of the quality of awareness support can be traced back to Formal Technical 
Reviews (FTR) (FAGAN, 1976), widely adopted in software engineering (AURUM et al., 
2002; NEILL; LAPLANTE, 2003). Holzinger (2005) remarks that participation of users is not 
always possible or available at the time of evaluation. For that purpose, Antunes et al. (2014) 
proposes a FTR method specifically focused on awareness assessment, named Awareness 
Checklist. The method evaluates 54 design elements that influence or contribute to awareness 
support. Those elements are further related to six awareness types: collaboration awareness, 
location awareness, context awareness, social awareness, workspace awareness and situation 
awareness. 
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With regard to organizations whose value bases on information technology, it is increasingly 
evident that they frequently get great pressure to deliver products of better quality at greater 
speed (SCHWABER, 2005; SHROFF et al., 2006). Beck et al. (2001) considers that this 
market demand has stimulated the use of agile software development practices. In addition, 
organizations are betting on the association of distinct skills and tools support as a strategy to 
face these challenges, implying that organizations have dedicated themselves to the search for 
mechanisms that aims to improve collaboration in working groups (FRANÇA; DIAS, 2015). 
Antunes et al. (2014) concludes that Quality Assurance (QA) is important to ensure the 
quality of collaborative systems development. There are a few FTR approaches to assess the 
quality support of collaborative systems.  
 
This work has researched CSCW methods used to evaluate collaboration tools used by agile 
teams. Next, it gathered a list of tools used in collaborative projects and relates them to cited 
agile methodologies. Using a FTR method to evaluate the quality of awareness and tools to 
assess, a survey was conducted to gather scores for each individual awareness category. 
Finally, the resulting reports are analyzed and discussed. 
 
1.1 Research Problem 
 
Collaboration tools must be adequate to their users necessity in order to be perceived as a 
quality product. A product quality can be assessed using the feedback of its own customers. 
This research intends to answer the following question: what is the quality of awareness 
support in collaborative tools used by agile teams? 
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1.2 Objectives 
 
1.2.1 Main Objective 
 
The main objective of this research is to review the quality of awareness support in 
collaborative tools used by agile teams. 
 
1.2.2 Specific Objectives 
 
The specific objectives of this research are: 
 
1. OBJ1 – Identify CSCW classification criteria. 
2. OBJ2 – Identify collaborative software tools used by agile distributed teams. 
3. OBJ3 – Analyze the results of a survey used to evaluate the awareness support of agile 
collaboration tools. 
 
1.3 Motivation 
 
The increasing global competition and the rapid advances in information systems have led 
organizations to search for more effective and efficient ways to manage their business 
(ZANDI; TAVANA, 2011). According to Antunes et al. (2014), QA must assess a wide range 
of factors related with multiple stakeholders (customers, managers, individual workers, formal 
and informal work groups), various domains of concern (business processes, goals, tasks, 
group wellbeing, and culture) and multiple technology components (addressing various 
aspects of collaboration such as awareness). Such complexity, added with the differences of 
each company interests and business practices adoption amongst employees suggest that the 
awareness checklist approach can be crucial to assess developers to build and evolve the 
usage of CSCW applications towards an efficient awareness support solution.  
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Agile collaboration is a specific and attractive context to choose tools to assess by awareness 
support standards, as they are a current trend among IT professionals. Among them, analysts 
in particular are good candidates to evaluate the tools due to their background experience. 
 
It is important to have quality reviewing method at disposal to understand the aspects that 
influence directly in teamwork. The output of these assessments can be used by developers to 
improve their software product, as well as to users choose which platform would suit their 
needs before purchase and deploy. 
 
1.4 Adherence to FUMEC’s Graduate Program in Information Systems and 
Knowledge Management 
 
Collaborative software tools stands amongst the current trends in software development. 
Acquiring knowledge of the main aspects that improves or decreases awareness support in 
teams is important to point the major strengths and weaknesses of each platform. 
 
FUMEC’s master’s degree program in Information Systems and Knowledge Management has 
two main research fields: (1) Technology and Information Systems; and (2) Information and 
Knowledge Management. Both fields rely on interdisciplinary academic knowledge, scientific 
development and applied research. Knowledge management is a set of processes aiming to 
create storage, distribute and use the knowledge, considering internal and external knowledge 
sources (MITJA, 2011). 
 
As this work has the purpose to review the quality of awareness in collaborative software 
tools, it is related to FUMEC’s master’s degree program Technology and Information 
Systems research field. 
  
15 
 
1.5 Document Structure 
 
This thesis contains six chapters: (1) Chapter 1 presents the introduction; (2) Chapter 2 
presents a Systematic Literature Review (SLR) providing the theoretical foundation of this 
research; (3) Chapter 3 references related work on CSCW Awareness Improvement; (4) 
Chapter 4 describes the applied methods on the research implementation; (5) Chapter 5 
presents the results of the research with discussion; (6) Chapter 6 highlights the conclusions 
of this research. 
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2 SYSTEMATIC LITERATURE REVIEW 
 
2.1 Introduction 
 
A systematic review is a secondary study that identifies, evaluates and interprets all research 
available and relevant to a specific research question or phenomenon of interest 
(KITCHENHAM, 2004). Reviews of research literature are made for a variety of purposes, 
such as providing a theoretical background for subsequent research; learning the breadth of 
research on a topic of interest; or answering practical questions by understanding what 
existing research has to say on the matter (OKOLI; SCHABRAM, 2010). 
 
As the collaborative software tools are a vast and ever growing market, there is a constant 
need to gather statistics that shows which ones are being most used at the time and what are 
the users’ feedback regarding their quality as a work asset. 
 
The motivation for this SLR is the need to identify what are the software tools used by agile 
distributed teams. Using the identified CSCW classification criteria on identified tools allows 
understanding specific aspects of given software that impact on collaboration and teamwork 
quality metrics in projects. 
 
2.2 Background 
 
2.2.1 Agile 
 
Traditional approaches assumed that if we just tried hard enough, we could anticipate the 
complete set of requirements early and reduce cost by eliminating change. Today, eliminating 
change early means being unresponsive to business conditions — in other words, business 
failure (HIGHSMITH; COCKBURN, 2001). Agile proponents claim that the focal aspects of 
17 
 
light and agile methods are simplicity and speed (MCCAULEY, 2001; BECK, 1999; 
HIGHSMITH; COCKBURN, 2001). The main principles of Agile are (HIGHSMITH; 
COCKBURN, 2001): 
 
• Individuals and interactions over processes and tools; 
• Working software over comprehensive documentation; 
• Customer collaboration over contract negotiation; 
• Responding to change over following a plan. 
 
Relying on interactions between individuals facilitates sharing information and changing the 
process quickly when it needs changing (HIGHSMITH; COCKBURN, 2001). According to a 
relevant research survey conducted in 2014 (VERSIONONE, 2015), nearly 80% of 
respondents had at least some distributed teams practicing agile within their organizations, up 
to 35% from 2012. 
 
2.2.1.1 Agile Methods 
  
Agile methods are in their essence based on values and principles defined on the Agile 
Manifesto (BECK et al., 2001). According to Boehm (2002), Agile methods derive much of 
their agility by relying on the tacit knowledge embodied in the team, rather than writing the 
knowledge down in plans. The choice of the strategy for agile methods adoption is a key 
component to get the organization to take advantage of the benefits brought by agility and to 
overcome the common issues found on the adoption process (NERUR et al., 2005; 
SOUNDARARAJAN et al, 2013). According to Version One survey (2015) regarding the 
usage of agile methodologies amongst its respondents, the most adopted agile methodologies 
are ranked in Table 1. With a few explained exceptions, each agile methodology is further 
addressed in subtopics. 
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Rank Agile methodology Adoption percentage 
1 Scrum 56% 
2 Scrum/XP Hybrid 10% 
3 Custom Hybrid (multiple methodologies)1 8% 
4 Scrumban 6% 
5 Kanban 5% 
6 Iterative Development 4% 
7 I Don’t Know2 3% 
8 Lean Development 2% 
9 Other3 2% 
10 Agile Modeling 1% 
11 Feature-Driven Development (FDD) 1% 
12 Agile Unified Process (AgileUP) <1% 
13 DSDM/Atern <1% 
14 XP <1% 
Table 1 – Agile practice adoption survey 
Source: Adapted from Version One (2015) 
 
2.2.1.1.1 Scrum 
 
Scrum is a process framework to deliver products with the highest possible value and handle 
complex problems or situations (SCHWABER; SUTHERLAND, 2011). The main roles 
involved are product owner (PO), developer and Scrum Master (SM) (MISHRA et al., 2012). 
Scrum uses intense 15-minute daily meetings and comprehensive iteration reviews at the end 
of each 30-day iteration (HIGHSMITH; COCKBURN, 2001). 
  
                                                 
 
1 Generic category. 
2 Response used as exclusion criteria. 
3 Generic category. 
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2.2.1.1.2 Scrum/XP Hybrid 
 
Scrum and XP are one of the widely practiced agile development methodologies. Both 
contain good features but they also have some limitations. Scrum does not provide much 
more about how to engineer a product while XP lacks in management practices (MUSHTAQ; 
RIZWAN, 2012). 
 
2.2.1.1.3 Scrumban 
 
Similarities between Scrum and Kanban allow combining the two methods by implementing 
some of the Scrum practices and Kanban principles. Such a combination is being referred to 
as Scrumban (COREY, 2009). 
 
2.2.1.1.4 Kanban 
 
Kanban has been created as a lean tool to manage manufacturing operations (IKONEN et al., 
2010). It drives project teams to visualize the workflow, limit work in progress (WIP) at each 
workflow stage, and measure the cycle time (i.e., average time to complete one task) 
(KNIBERG, 2009). According to Liker (2004), Kanban attempts to lower production costs, 
increase quality, and accelerate cycle time. 
 
2.2.1.1.5 Iterative Development 
 
Iterative development is an approach to building software (or anything) in which the overall 
lifecycle is composed of several iterations in sequence. Each iteration is a self-contained mini-
project composed of activities such as requirements analysis, design, programming and test 
(LARMAN, 2004). 
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2.2.1.1.6 Lean Development 
 
While Lean thinking has turned out to be a success in manufacturing (WOMACK; JONES, 
1994), it has recently been applied to the area of software engineering, as well (REDDING; 
CATALANELLO, 1994). Lean software development principles can be defined as follows: 
build quality in, create knowledge, defer commitment, deliver fast, respect people, and 
optimize the whole (POPPENDIECK, 2007). 
 
2.2.1.1.7 Agile Modeling 
 
Agile  modeling  has  many  process  centric  software   management   methods,   such   as   
Adaptive   Software  Development  (ASD),  Extreme  Programming  (XP),  Lean  
Development,  SCRUM,  and  Crystal  Light  methods (ALNOUKARI et al., 2008). 
 
2.2.1.1.8 Feature-Driven Development (FDD) 
 
FDD satisfies the fundamental concept of software requirement (PALMER; FELSING, 2002) 
and it distinguishes between the requirements, which make sub-attribute software 
requirements fundamental adequately satisfies (ABRAHAMSSON et al., 2002). Requirement 
specification, analysis and validation are defined in FDD process (PALMER; FELSING, 
2002) and actors and activities of the actors are identified in FDD (ABRAHAMSSON et al., 
2002). 
 
2.2.1.1.9 Agile Unified Process (AgileUP) 
 
By combining RUP to AM, Scott Ambler created a solid process framework that can be 
applied to all sorts of software projects, large or small. Agile methods provided values, 
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principles, and practices to AUP. The agile manifesto shows what these values and principles 
are (EDEKI, 2013). 
 
2.2.1.1.10 DSDM/Atern 
 
The  Dynamic  Systems  Development  Method (DSDM) provides  a  framework  of  controls  
and  best practice  for  rapid  application  development and it has proved to be extremely 
effective in delivering maintainable  systems  which  match  the  needs  of  the  business  
better  than  those  produced  using traditional life cycles (STAPLETON, 1999). 
 
2.2.1.1.11 XP 
 
According to Beck (1999), XP, rather than planning, analyzing, and designing for the far-
flung future, XP programmers do all of these activities—a little at a time—throughout 
development. Also according to Beck (1999), the biggest barrier to the success of an XP 
project arises from an insistence on complete up-front design rather than just steering the 
project along the way. There are many practices that adopts XP principles, such as Planning 
games, Small releases, Simple design, Test-Driven development, Pair programming and 
Continuous integration (WOOD; KLEB, 2003). 
 
2.2.1.2 Agile Techniques 
 
There are several practices related to Agile methods. According to Version One State of Agile 
2015 survey research, Table 2 shows a list of the 12 most adopted techniques, which will be 
further addressed. 
 
Rank Agile technique Adoption % 
1 Daily standup 80% 
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2 Short iterations 79% 
3 Prioritized backlogs 79% 
4 Iteration planning 71% 
5 Retrospectives 69% 
6 Release planning 65% 
7 Unit testing 65% 
8 Team-based estimation 56% 
9 Iteration reviews 53% 
10 Task board 53% 
11 Continuous integration 50% 
12 Dedicated product owner 48% 
Table 2 – Agile techniques adoption survey 
Source: Adapted from Version One (2015) 
 
The daily standup meeting is a way to disseminate information to team members, optimally 
executed in short and planned iterations (AUGUSTINE et al., 2005; BECK et al., 2001). 
Prioritized backlog helps in aligning all input to the project (MOE et al., 2012). Iteration 
retrospectives are meeting held after each sprint/iteration during which a team reflects on 
what went well, what didn’t and what could be improved in future sprints/iterations 
(MCHUGH, CONBOY, LANG, 2012). Release planning for incremental software 
development includes  the  assignment  of  requirements  to  releases  such that  all  technical  
and  budget  constraints  are  fulfilled (GREER, RUHE 2004). Group estimation of user 
stories is an important part of the XP, used for both planning releases and iterations reviews 
(HAUGEN, 2006). According to Perry (2008), the Task board is one of the most important 
information radiators used by an agile team to track their progress. Continuous Integration is a 
software development practice where members of a team integrate their work frequently, 
usually each person integrates at least daily-leading to multiple integrations per day 
(FOWLER, 2006). A Product Owner decides which requirements are implemented for a 
product version and when product increments will be shipped (BECK et al., 2001). 
 
In order to assist agile projects, there are a handful of software tools available in the market to 
offer the same functionalities of some agile techniques as a CSCW automated resource. 
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2.2.1.3 Agile Tools 
 
Agile tools are used to offer some of the agile methods proposals as an application or a 
distinct functionality of a process. Table 3 shows a list of the most used tools purpose in 2013 
and 2014, according to Version One State of Agile 2015 survey research (VERSIONONE, 
2015).  
 
Rank General tool use 
Tool usage 
(2014) 
Rank General tool use 
Tool usage 
(2014) 
1 Bug tracker 80% 10 Traditional project 
management tool 
51% 
2 Task board 79% 11 Requirements management 
tool 
50% 
3 Spreadsheet 72% 12 Release/deployment 
automation tool 
48% 
4 Wiki 68% 13 Index cards 41% 
5 Agile project 
management tool 
65% 14 Ct % portfolio management 
(PPM) tool 
37% 
6 Unit test tool 65% 15 Automated acceptance tool 35% 
7 Automated build tool 65% 16 Story mapping tool 34% 
8 Continuous 
integration tool 
55% 17 Refactoring tool 29% 
9 Kanban board 52% 18 Customer idea management 
tool 
22% 
Table 3 – Agile tools general use purpose survey 
Source: Adapted from Version one (2015) 
 
2.2.2 Computer Supported Cooperative Work (CSCW) 
 
Computer Supported Cooperative Work (CSCW) is the study of how people use technology, 
with relation to hardware and software, to work together in shared time and space. CSCW 
began as an effort by technologists to learn from anyone whom could help better understand 
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group activity and how one could use technology to support people in their work. These 
specialists spanned many areas of research, including economists, social psychologists, 
anthropologists, organizational theorists and educators (GRUDIN, 1994). While some 
researchers views the terms “CSCW” and “Groupware” as synonyms, Grudin (1994) 
understands that CSCW describes the research and groupware describes the technology. 
 
2.2.2.1 CSCW Applications 
 
A CSCW system relates functional features with the social aspects of teamwork. Each 
functionality has an impact on the work behavior and efficiency of the whole group using the 
system. These functionalities also influence the behavior of individual group members. 
However, the psychological, social, and cultural processes active within groups of 
collaborators are the real keys to the acceptance and success of CSCW systems (REINHARD; 
SCHWEITZER; VOLKSEN; WEBER, 1994). According to the CSCW characteristics, the 
applications tend to include, at least, communication as one of its functions, used by members 
of the organization or information communication, as news, events, etc., for the members of 
the organization (PENICHET et al., 2007). It is not usual to create a system to work 
exclusively in the same place, as could be a meeting room (PENICHET et al., 2007). 
 
2.2.2.2 CSCW Awareness 
 
One of the main purposes of CSCW is the provision of information to each worker on the 
presence and the activities of other group members. This information is called group 
awareness and has been a central topic of research because it satisfies the need of 
collaborators to watch each other’s activities and coordinate accordingly their own work 
(DOURISH; BELLOTTI, 1992). Numerous studies have found awareness to be a very 
important component of a collaborative system (TANG, 1991; GAVER, 1991; GUTWIN; 
ROSEMAN; GREENBERG, 1996). Users’ mobility increases the need for awareness since 
the collaboration environments typically change very often in this case (ANTUNES et al., 
2010). 
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Awareness in its various types has been considered a distinctive feature of collaborative 
systems when compared with other kinds of information systems (DOURISH; BELLOTTI, 
1992). Awareness support is a great challenge for synchronous CSCW, where interactive 
responsiveness is the foremost goal. This implies that awareness information must be 
provided at a properly fast pace to convey the status of cooperative work without outstripping 
the collaborators’ ability to perceive it (PAPADOPOULOS, 2006). 
 
According to several researches (JOHANSEN et al., 1991; DOURISH, 1996; DIX et al., 
2000; ENDSLEY, 1995; MACEACHREN; BREWER, 2004; GUTWIN; GREENBERG, 
1996), there are six main awareness elements, which in Antunes et al. (2014) base its model, 
called Conceptual view of awareness support, shown in Figure 1. 
 
 
Figure 1 – Conceptual view of awareness support 
Source: Antunes et al. (2014) 
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The model presents an overview of the identified awareness elements as well as their main 
aspects. The descriptions of each of the six awareness types are further presented. 
 
2.2.2.2.1 Collaboration Awareness 
 
Support for collaboration awareness is an important design requirement for collaborative 
systems (Begole et al., 1999). Based upon the work of DeSanctis and Gallupe (1987) on the 
support to remote and local groups, the time/place map proposed by Johansen et al. (1991) is 
the most prevalent subject related to collaborative applications. It considers group availability 
(whether people are working in the same location or remotely) and the communication mode 
(whether the information exchange is synchronous or asynchronous). 
 
Also, still related with communication modes, we should also consider that network 
operations affect collaboration awareness, as perceiving network connectivity 
(connected/disconnected), message delivery (which affects the flows of communication and 
collaboration) and message delays have been considered important design features for 
collaboration support (Ferreira et al., 2011). 
 
2.2.2.2.2 Location Awareness 
 
In this context, location can be understand as geographical relationships among collaborators 
such as location, distance, orientation and range of attention (ANTUNES et al., 2013). Dix et 
al. (2000) characterized location as either being Cartesian or topological. Especially regarding 
mobility, location awareness can contribute to improve the usability and usefulness of mobile 
applications (Liu et al., 2011) and it has been categorized in wandering, visiting and traveling 
(KRISTOFFERSEN; LJUNGBERG, 1998). Weather conditions and local temperature 
information are also related. Hazas et al. (2004) discuss location awareness as the means to 
determine physical location using various types of sensing technology such as GPS and RFID. 
Hazas et al. (2004) also make the distinction between physical and semantic locations such as 
rooms, floors and buildings. 
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2.2.2.2.3 Context Awareness 
 
Rodden (1991) developed the notion of virtual space as a collection of computer-supported 
interactive spaces. Many collaborative applications offer various types of virtual spaces, 
including virtual meeting rooms, media spaces and collaborative virtual environments 
(ANTUNES et al., 2010). In this case, concepts such as virtual topology, navigation and 
viewports are very important to allow a group of collaborators maintaining a sense of what is 
happening in the virtual space. 
 
2.2.2.2.4 Social Awareness 
 
Dourish (2006) and Brewer and Dourish (1992) proposed social spaces as adequate to 
understand broader issues related to social practice and context. Dourish (2001) also proposed 
the notion of embodied interaction to account for the embedded relationships between social 
and the other spaces. It combines geographical, physical and virtual affordances with social 
interaction, cultural meaning, experience and knowledge (ANTUNES et al., 2010). 
 
2.2.2.2.5 Workspace Awareness 
 
Snowdon and Munro (2000) describes a workspace as a container of places with ongoing 
activities. It’s possible to distinguish two different aspects of workspaces: (1) workspaces 
may organize activities according to logical sets (i.e. a group editor, as it serves to organize 
activities like writing and revising, while maintaining a coherent view of the whole (KOCK; 
KOCK, 2000)); (2) workspaces also introduce geography as an important context for working 
activities (ANTUNES et al., 2010). Most workspaces have a main purpose of organize tasks, 
which are characterized by who, what, when and how they are accomplished. 
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Feedthrough is necessary to bring information about the other’s actions and backchannel 
feedback conveys unintentional information indicating that the listeners are following the 
speaker (Rajan et al., 2001). 
 
2.2.2.2.6 Situation Awareness 
 
Jensen (2009) combined situation awareness with sense making, a theory developed by Weick 
(1993, 2001) to understand the relationships between environmental changes and 
organizational responses. Sense making is defined as the capability to create order and make 
retrospective sense of what occurs through the articulation of several cognitive functions like 
perception, interpretation and anticipation of events (ANTUNES et al., 2010). Cecez-
Kecmanovic (2005) highlighted that sense making emerges from individual, coordinated and 
collaborative efforts. 
 
2.2.2.3 Quality of Awareness 
 
According to Antunes et al (2010), Quality Assurance (QA) is essential to ensure the quality 
of collaborative systems development. Collaborative systems are difficult to assess due to the 
complexity, cost and time involved (HERSKOVIC et al., 2007), and most of them tend to be 
informal. Herskovic et al. (2007) identifies twelve proposed assessment methods and 
classifies them according to various criteria such as development status; scope; time span of 
the assessment; and who participates in the assessment. Of these twelve methods, three 
methods adapt the FTR approach to the specific characteristics of collaborative systems 
assessment (ANTUNES, 2010). These FTR methods are shown in Table 4. 
 
FTR Method Description 
Groupware Heuristic 
Evaluation (GHE) 
GHE defines a procedure for inspecting how a collaborative system 
conforms to eight heuristics that codify best practices in collaborative 
systems development (BAKER, 2002). 
Groupware Walkthrough GW entails stepping through task sequences to conceptually explore 
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(GW) task goals, actions necessary to perform tasks, knowledge needed to 
accomplish tasks, and possible performance failures (GUTWIN; 
GREENBERG, 2000; PINELLE; GUTWIN, 2002). 
Knowledge Management 
Approach (KMA) 
KMA involves using a checklist to assess how the system helps 
knowledge circulation (VIZCAÍNO et al, 2005). 
Table 4 – FTR methods description 
Source: Adapted from Antunes et al. (2010) 
 
Convertino et al. (2004) developed a laboratorial method to assess activity awareness in 
controlled settings based on collaboration scenarios drawn from field studies and assessed 
during laboratory experiments using questionnaires, interviews and observations. 
 
Antunes et. al (2013) has proposed a FTR method specifically focused on awareness 
assessment, named Awareness Checklist. According to this method, there are 54 design 
elements that influence or contribute to awareness support. Those elements can be categorized 
in 14 design categories, as shown in Table 5. 
 
# Design 
Category 
Design Elements 
1 Accessibility Same place, different place, any place, co-located, virtually co-located, 
remote 
2 Communication Synchronous, asynchronous, network connectivity, message delivery, 
network management 
3 Spatiality Cartesian locations, topological locations, distances, orientation,  
focus/nimbus 
4 Mobility Wandering, visiting, traveling, fixed, mobile, autonomous, independent, 
embedded, pervasive 
5 Physicality Physical constraints, physical places, physical topology, physical attributes 
6 Navigation Viewports, links, radar views, teleports 
7 Virtuality Private, group, public, data access privileges, concurrency control, floor 
control, version control, virtual constraints, virtual places, virtual topology, 
virtual attributes 
8 Membership Participants, roles, activities, privileges, group history 
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9 Attention Eye-gaze orientation, body orientation, voice filtering, portholes/peepholes 
10 Task Who, what, where, when, how, task history 
11 Interaction Feedback, feedthrough, backchannel feedback 
12 Interdependence Parallel activities, coordinated activities, mutually adjusted activities, loosely 
coupled, tightly coupled 
13 Internalization Events, actions, resources, critical elements, meaning, future scenarios 
14 Externalization Individual cognition, distributed cognition, team cognition 
Table 5 – Main design elements influencing awareness 
Source: Antunes et al. (2010) 
 
Next, Antunes et al. (2013) relates the Design Categories with the Awareness Types by 
requesting experts in collaborative technology to define the relationships between the 54 
design elements and the six types of awareness shown in Table 6. 
 
# Awareness type Related design categories 
1 Collaboration awareness Availability, Communication 
2 Location awareness Spatiality, Mobility, physicality 
3 Context awareness Navigation, virtuality 
4 Social awareness Practice, Background 
5 Workspace awareness Task, Interaction, Interdependence 
6 Situation awareness Understanding, Sense making 
Table 6 – Main relationships between design and awareness elements 
Source: Antunes et al. (2013) 
 
Different from the simple relations implied by Table 9, the researchers then considered these 
relations more complex, so they decided to scale each of the 54 design features according to 
their awareness categories influences. The resulting correlations matrix is shown in Figure 2. 
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Figure 2 – Correlations matrix with relationships scaled by CSCW experts 
Source: Antunes et al. (2013) 
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In short, each given design element score is multiplied by its correlation scale. Blanks count 
as zero, nulling the element. Each awareness category is the sum of all its related design 
features, with different scales as shown in Figure 2. The final awareness score can be 
strategically shown as a radar graph with results from zero to 600 points, as demonstrated in 
Figure 3. 
 
 
Figure 3 – Awareness report score graph 
Source: Adapted from Antunes et al. (2013) 
 
The awareness checklist allows quickly obtaining hints on the quality of awareness support 
supplied by an application by simply inquiring about how effectively some key design 
elements have been supported (Antunes et al., 2013). The relationship between design 
categories and type of awareness is the main foundation to motivate the survey on reviews of 
design attributes, to further address awareness deficiencies in software tools in order to 
propose improvements and remark the main qualities that users perceive as a differential 
factor. 
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2.2.2.4 CSCW Classification 
 
As systems in general tend to be collaborative, to ease human communication and to be a 
useful tool in the processes and human coordination, the number of applications, ideas, forms, 
etc. will grow in the years to come. Most of the possibilities to classify tools, functions, etc. 
based on CSCW are based on a time-space array (JOHANSEN, 1988), as shown in Table 7. 
 
 Same Time Different Time 
Same Place Face to face interaction Asynchronous interaction 
Different Place Synchronous distributed interaction Asynchronous distributed interaction 
Table 7 – Johansen Time-Space Matrix 
Source: Adapted from Johansen (1991) 
 
The Time-space Matrix divides the tools in four categories: 
 
1. Synchronous / In the same place; 
2. Synchronous / in different places; 
3. Asynchronous / in the same place; 
4. Asynchronous / in different places. 
 
For instance, e-mail would be an asynchronous tool and, in theory, destined to persons 
allocated in different places (PENICHET et al., 2007). 
 
An updated classification proposal based on the Time-space Matrix and three main CSCW 
characteristics is presented by Penichet et al. (2007), named CSCW Classification Array. The 
first part of the classification covers the concepts of Information Sharing, Communication and 
Coordination in a non-excluding logical answer (0 for no; 1 for yes), as described in Table 8. 
 
34 
 
CSCW 
Characteristic 
Description 
Information sharing Information sharing can be descripted as a medium of exchange messages 
among two or more recipients (Penichet et al., 2007). 
Communication Communication can be understand as the process of exchanging 
information usually via a common system of symbols (Penichet et al., 
2007). 
Coordination Poltrock and Grudin (1999) define coordination tools as the groupware 
which allow users to capture and coordinate the internal processes of an 
organization. Such coordination might increase quality and reduce costs. 
Table 8 – CSCW Characteristics 
Source: Adapted from Penichet et al. (2007) 
 
The second part adopts the same concepts of the Time-space matrix (whether a software is 
synchronous and/or asynchronous and if it can be used in the same or different places), 
although also in a non-excluding logical manner, as shown in Table 9. 
 
Time Space 
Synchronous 
No = 0 
Yes = 1 
Asynchronous 
No = 0 
Yes = 1 
Same 
No = 0 
Yes = 1 
Different 
No = 0 
Yes = 1 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 
Table 9 – Time-space possibilities 
Source: Adapted from Penichet et al. (2007) 
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Both classifications combined results in the CSCW Classification Array proposal, as shown in 
Table 10. 
 
Tool CSCW Characteristic Time/Space 
Inf. Sharing 
N=0 
Y=1 
Communicate 
N=0 
Y=1 
Coordinate 
N=0 
Y=1 
Synch 
N=0 
Y=1 
Asynch 
N=0 
Y=1 
Same 
N=0 
Y=1 
Different 
N=0 
Y=1 
Fax 0 1 0 0 1 0 1 
E-mail 1 1 0 0 1 0 1 
IP Telephony 
System 
0 1 0 1 0 0 1 
Table 10 – Time-space possibilities 
Source: Adapted from Penichet et al. (2007) 
 
According to Rodden (1991), four classes of cooperative system have emerged over the last 
decade, as shows Figure 4. 
 
 
Figure 4 – A Classification space for CSCW systems 
Source: Rodden (1991) 
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The different circles in the figure outlines six different classes (“keys”) in which CSCW 
systems are classified. Their descriptions are shown in Table 11. 
 
Cooperative system class Description 
Message systems According to Rodden (1991), cooperative message systems are often 
termed structured or active message systems and assume an 
asynchronous and remote mode of cooperation. The assumption 
underlying these systems is that members of a group cooperate by 
exchanging messages. 
Conferencing In computer conferencing systems, users interact through a shared 
information space accessed by each of the users. This model of 
interaction through a shared information space is often augmented by 
the use of direct user-to-user communication (RODDEN, 1991). 
Meeting rooms The support of face-to-face cooperation represents the most recent 
and distinct research development in cooperative working.  A typical 
approach to this form of computer support is to develop a meeting 
room furnished with a large screen video projector and a number of 
computer workstation/terminals, often these systems include a 
control terminal (RODDEN, 1991). 
Co-Authoring and 
Argumentation Systems 
The aim of co-authoring systems is to support the cooperation 
necessary between these co-authors in document production. The 
general model adopted by these systems is that of asynchronous co-
operation with each user working independently on a portion of the 
document. Reviews and comments are added to the document by 
annotating sections of the document. However while the mode of 
interaction in co-authoring systems is asynchronous, co-authoring 
systems are not distinguished by the location of users and some co-
authoring and outline processor and argumentation systems are used 
when the participants are co-located (RODDEN, 1991). 
Table 11 – Cooperative system class description 
Source: Adapted from Rodden (1991) 
 
Application-level is another taxonomy approach proposed by Ellis et al. (1991), in which 
classes distinguishes itself in a not exclusive classification as: message systems; group 
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editors; group decision support systems (GDSSs) and electronic meeting rooms; computer 
conferencing; intelligent agents; and coordination systems. Their descriptions are in Table 12. 
 
Application-level Description 
Message systems Supports the asynchronous exchange of textual messages between groups of 
users. Examples include electronic mail and computer conferencing or 
bulletin board systems (ELLIS et al., 1991). 
Group editors Some of these editors, are for asynchronous use, and conveniently 
separate the text supplied by the author from the comments of various 
reviewers. Real-time group editors allow a group of people to edit the same 
object at the same time. The object being edited is usually divided into logical 
segments (ELLIS et al., 1991). 
GDDSs and 
Electronic meeting 
rooms 
Provide computer-based facilities for the exploration of unstructured 
problems in a group setting. The goal is to improve the productivity of 
decision-making meetings, either by speeding up the decision-making process 
or by improving the quality of the resulting decisions (KRAEMER; KING, 
1988). There are GDSS aids for decision structuring, such as alternative 
ranking and voting tools, and for idea generation (APPLEGATE et al. 1986) 
or issue analysis (CONKLIN; BEGEMAN, 1988). 
Computer 
conferencing 
The computer serves as a communications medium in a variety of 
ways. In particular, it has provided three new approaches in the way 
people carry out conferences: real-time computer conferencing, computer 
teleconferencing, and desktop conferencing (ELLIS et al., 1991). 
Intelligent agents Not all the participants in an electronic meeting are people. Multiplayer 
computer games, for example, might automatically generate participants if 
the number of people is too low for a challenging game. Such nonhuman 
participants are a special case of intelligent agents. In general, intelligent 
agents are responsible for a specific set of tasks, and the user interface makes 
their actions resemble those of other users (ELLIS et al., 1991). 
Coordination 
systems 
Coordination systems allow individuals to view their actions, as well as the 
relevant actions of others, within the context of the overall goal. Systems may 
also trigger users' actions by informing users of the states of their actions and 
their wait conditions, or by generating automatic reminders and alerts. 
Coordination systems can be categorized by one of the four types of models 
they embrace: form, procedure, conversation, or communication-structure 
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oriented (ELLIS et al., 1991). 
Table 12 – Application-level class taxonomy 
Source: Adapted from Ellis et al. (1991) 
  
Borghoff and Schlichter (2000) mention other CSCW classification proposals: quantitative 
classification, which focuses on the team size; social classification distinguishes between 
formal and informal communication within the group; and organizational classification, which 
asks whether meetings are face-to-face or electronic, with geographically, dispersed 
participants. 
 
In order to demonstrate the usage of CSCW classification of tools, the first seven ranked agile 
tools general use purpose in Table 3 has been categorized according to the taxonomy 
described in this chapter, as shown in Table 13. 
 
General 
tool use 
CSCW Classification 
Time-
space 
matrix 
Application 
level 
Quantitative Social Organizational 
CSCW system 
class 
Bug tracker Different 
time / 
Different 
places 
Workflow 
management 
/coordination 
systems 
Any size Formal Electronic 
meetings 
Message systems 
Task board Different 
time / 
Different 
places 
Message 
systems 
Any size Informal Electronic 
meetings 
Message systems 
Spreadsheet Different 
time / 
Different 
places 
Shared 
information 
spaces 
Any size Formal Electronic 
meetings 
Message systems 
Wiki Different 
time / 
Different 
places 
Group editors Any size Informal Electronic 
meetings 
Co-Authoring 
and 
Argumentation 
Systems 
Agile project Different Workflow Any size Formal Electronic Message systems 
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management 
tool 
time / 
Different 
places 
management 
/coordination 
systems 
meetings 
Unit test tool Different 
time / 
Different 
places 
Workflow 
management 
/coordination 
systems 
Any size Formal  N/A N/A 
Automated 
build tool 
Different 
time / 
Different 
places 
Workflow 
management 
/coordination 
systems 
Any size Formal  N/A N/A 
Table 13 – Agile tools general use purpose classified by CSCW taxonomy 
Source: Author 
 
2.3 SLR Research 
 
The design of this SLR was based on the guidelines provided by Keele (KEELE, 2007) and 
Petersen et al. (PETERSEN et al., 2008). The steps of the review were: 
 
1. Definition of the research question; 
2. Conduct search for papers; 
3. Screening of papers; 
4. Data extraction; 
5. Data synthesis. 
 
2.3.1 Research Question 
 
The main goal of the research questions is to provide an understanding of the context of 
CSCW agile collaboration tools used by agile distributed teams’ research in the literature. The 
research question aims to identify which papers contains mentioning or use reports of tools 
used to communicate, share knowledge and integrate teamwork process within geographically 
distributed workers and during synchronous or asynchronous work times of the day. 
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According to this proposal, the research question of the SLR is: what are the collaborative 
tools used by agile teams? 
 
2.3.2 Search Strategy 
 
There were three steps conducted to collect relevant papers to this research. The first step was 
the definition of the search terms based on the research question, as shown in Table 14. 
 
SLR Research Question Related search strings 
What are the collaborative tools used by agile teams? agile AND tools 
Table 14 – Definition of the General search string 
Source: Author 
 
Next, the digital databases were selected for data retrieval: 
 
• ACM Digital Library; 
• IEEE Explore; 
• Science Direct; 
• Springer; 
• Wiley Online Library. 
 
The data retrieval process consisted of the results attained from querying the search strings on 
each of the digital libraries. The retrieval of the papers and their metadata was conducted 
using a reference management tool named Zotero. 
 
Finally, we define including and excluding criteria in order to filter the relevant papers of this 
research and exclude irrelevant papers out. Both criteria are shown in Table 15. 
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Inclusion criteria Exclusion criteria 
• Academic papers published on journals or 
conferences related to collaborative tools used 
in agile context. 
• Papers found in target digital databases. 
• Paper describes established software 
collaborative tools usage. 
• Paper subject is not related with any of the 
SLR Research Questions (Off-topic). 
• Paper doesn't describe any established 
collaborative software tool usage in 
collaborative work. 
• Books, thesis, etc. 
• No abstract available to analysis. 
• Paper is not written in English. 
Table 15 – Selection criteria for including and excluding papers from the research 
Source: Author 
 
2.3.3 Screening of Papers 
 
The selection criteria was composed by five filter stages as shown in Figure 5. 
 
 
Figure 5 – Paper screening process from systematic literature review 
Source: Author 
Stage 1: Gather the results from the search strings in each 
of the selected digital libraries.
•Stage 1 has identified a total of 1001 papers.
Stage 2: Remove duplicated references to papers found on 
multiple digital libraries.
•Stage 2 resulted in 980 papers.
Stage 3: Remove  different media (book, thesis, etc.) and 
innadequate data (table of contents, cover art, copyright 
notice) among the selected papers.
•Stage 3 resulted in  950 papers.
Stage 4: Filter by paper abstract using the defined criteria.
•Stage 4 resulted in 141 papers.
Stage 5: Filter by defined criteria during full read.
•Stage 5 resulted in 88 papers.
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2.3.4 Data Extraction 
 
The selected 141 papers in Stage 4 were full read, the described software tools were listed and 
used to classify the paper according to each defined category for this SLR. During this step, 
more papers were filtered, as even if it appeared valid by the abstract reading, its full content 
did not fulfill the research purposes (i.e. not describing specifically any collaborative software 
tool, but mentioning the subject in abstract). Thereafter, the SLR ended with 88 papers used 
for data extraction. 
 
2.3.5 Classification Criteria 
 
The classification criteria utilized in this research were: 
 
• Agile Methodology; 
• Time-space Matrix; 
• Application level; 
• Quantitative; 
• Social; 
• Organizational; 
• CSCW Classification array; 
• CSCW System class; 
• Type of awareness; 
• Design categories. 
 
The classification criteria used in this research are described in sections 2.2.1.1 Agile 
Methods and 2.2.2.4 CSCW Classification of this chapter. 
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2.4 SLR Results 
 
This section describes the findings from the data extraction and classification activities. For 
start, the year of publication was useful information to understand how recent the research on 
the agile collaborative tools theme is. Figure 6 shows the number of articles published on the 
theme per year. Year 2015 was the year with most published papers with a total of 13 papers. 
 
 
Figure 6 – Published papers per year 
Source: Author 
 
Of 1001 articles found in the five selected digital libraries, 88 papers have passed our 
exclusion criteria’s and all of them have been reviewed. These papers identified 110 
collaborative software tools that are being used to improve performance in projects. Of those, 
64 have mentioned relation in paper with agile methodologies. The list of the ten most 
identified collaborative software tools related with agile methodologies is presented in Table 
16. The complete list of related tools is available in APPENDIX B – List of identified 
collaborative software tools related with agile methodologies. 
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Rank 
Collaborative software 
tool 
Number of 
related papers 
Related agile methodologies 
1 JIRA 8 Scrum 
2 Microsoft Team Foundation 
Server 
7 
XP, Scrum, Custom Hybrid, Agile 
Modeling, FDD 
3 a Wall 4 Custom Hybrid 
4 Microsoft Excel 4 XP, Scrum 
5 Confluence 3 Scrum 
5 Green hopper (JIRA) 3 XP, Scrum 
5 Mingle 3 XP 
5 Project Cards 3 XP 
5 Rally 3 XP 
5 Version One 3 XP 
Table 16 – List of the ten most identified collaborative software tools with mentioned relation 
with agile methodologies 
Source: Author 
 
The other 46 collaborative software tools found which were not explicitly related to any 
specific agile methodology are presented in Table 17. 
 
Collaborative software tools not related to agile methodologies 
3D Teleconferencing 
Agile Studio 
AGILE WebMon 
Alloy 
AQUSA 
ARCA-tool 
CESWP 
CodeCollaborator 
CodeStriker 
CoReD 
Crowd 
Crucible 
DDP 
e!DAL 
e-Chasqui 
Empirical Project Monitor 
FDR 
FitNesse 
Freemind 
GoogleTalk 
IBM BPMS 
K-gileRE 
LabKey Server 
LoMC 
Moose 
Open Project 
Pbwork 
Price Right 3 (PR3) 
PRIME 
PROM 
Protegé 
Qbox 
RAP 
Rational Jazz 
ResultSpace 
ReviewBoard 
Rietveld 
Risk Radar Enterprise 
Rodin 
SAP Netweaver Gateway 
Selenium 
Semantic MediaWiki 
SEREBRO 
TestPlayer 
WebTA 
Wonderland 
Table 17 – List of collaborative software tools not related to agile methodologies 
Source: Author 
 
2.5 SLR Discussion 
 
As we analyze in Table 16 in which collaborative software tools are explicitly related to agile 
methodologies, it is also interesting to analyze what are the most related methodologies in 
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papers as well. As shown in Table 18.50% of the papers didn’t mentioned which agile 
methods were being used with the collaborative software tools, and the most mentioned ones 
are Scrum (25%) and XP (23.86%). It was also very frequent the mentioning of both (Scrum 
and XP) in the same papers, but not as the classification “Scrum/XP Hybrid” suggests, as 
none were mentioned as this. 
 
Classification Papers # % of Papers 
Not described 43 50 
Scrum 22 25 
XP 21 23.86 
Custom Hybrid (multiple methodologies) 6 6.81 
Agile Modeling 3 3.40 
Iterative Development 2 2.27 
Feature-Driven Development (FDD) 1 1.13 
Agile Unified Process (AgileUP) 0 0 
DSDM/Atern 0 0 
Kanban 0 0 
Lean Development 0 0 
Other 0 0 
Scrum/XP Hybrid 0 0 
Scrumban 0 0 
Unknown 0 0 
Table 18 – SLR Agile classification criteria stats 
Source: Author 
 
About the CSCW classification criteria stats shown in Table 18, the first and most known 
CSCW classification is Johansen’s Time-space matrix. As most of the identified subjects are 
modern software tools, probably developed after the big rise of the internet, it was unlikely 
that a tool made to work in different places didn’t work as well as in same space with 
different workstations. Hence, these stats were actually divided by which tools can be used in 
different times (asynchronously) or at the same moment (synchronously). Results indicated 
that 23.86% of used tools can be used synchronously and 98.86% cannot. Another interesting 
point is about the identified Design categories in tools shown in Table 19, pointing that we 
did not find any paper considerably related with the Physicality category. 
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Classification 
Total of 
Classifications 
Classification 
Incidence 
# 
% of 
Papers 
Time-space Matrix 216 N/A 0 0 
Same time / Same places 21 23.86 
Same time / Different places 21 23.86 
Different time / Same places 87 98.86 
Different time / Different places 87 98.86 
Application Level 256 N/A 2 2.27 
Message systems 17 19.31 
Group editors 59 67.04 
Electronic meeting rooms 16 18.18 
Conferencing systems 18 20.45 
Shared information spaces 83 94.31 
Workflow 
management/coordination 
systems 
61 69.31 
Quantitative 87 Not described 43 48.86 
Small team size 36 40.90 
Medium team size 4 4.54 
Large team size 4 4.54 
Social 129 None 0 0 
Formal communication 76 86.36 
Informal communication 53 60.22 
Organizational 104 N/A 10 11.36 
Face-to-face meetings 17 19.31 
Electronic meetings 77 87.5 
CSCW 
Classification 
Array 
616 Information Sharing = 0 3 3.40 
Information Sharing = 1 85 96.59 
Communicate = 0 46 52.27 
Communicate = 1 42 47.72 
Coordinate = 0 19 21.59 
Coordinate = 1 69 78.40 
Synchronous = 0 63 71.59 
Synchronous = 1 25 28.40 
Asynchronous = 0 1 1.13 
Asynchronous = 1 87 98.86 
Same = 0 0 0 
Same = 1 88 100 
Different = 0 0 0 
Different = 1 88 100 
CSCW System 
Class 
114 N/A 2 2.27 
Message systems 11 12.5 
Computer conferencing 3 3.40 
Meeting rooms 13 14.77 
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Co-Authoring and Argumentation 
Systems 
85 96.59 
Type of 
Awareness 
304 Time x place 53 60.22 
Geographical space 22 25 
Physical space 14 15.90 
Virtual space 33 37.5 
Social space 14 15.90 
Workspace 81 92.04 
Situation 87 98.86 
Design Categories 381 Accessibility 4 4.54 
Communication 55 62.5 
Spatiality 1 1.13 
Mobility 4 4.54 
Physicality 0 0 
Navigation 1 1.13 
Virtuality 19 21.59 
Membership 38 43.18 
Attention 37 42.04 
Task 79 89.77 
Interaction 12 13.63 
Interdependence 4 4.54 
Internalization 76 86.36 
Externalization 55 62.5 
Table 19 – SLR CSCW classification criteria stats 
Source: Author 
 
2.6 SLR Conclusion 
 
The goal of this systematic review was to answer the question: what are the collaborative 
tools used by agile teams? The purpose was to understand the status of agile collaborative 
software tools used by agile teams with and how the research has been conducted and 
validated. According to the SLR results, it was possible to gather a list of 110 collaborative 
software tools. Of 110 identified tools, 64 were explicitly related to agile methodologies. 
Therefore, we conclude that the objectives of this SLR have been successfully accomplished. 
 
The identified tools are relevant subjects to evaluate their awareness support quality, although 
it has to be considered the population in which the survey is applied, as there are subjects who 
are less or not used at all in some places or countries.  
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3 RELATED WORK 
 
The work of Antunes et al. (2010, 2013) relates to this research, as this research uses their 
latest proposal of Design elements, Design categories, Awareness types relationships, and 
further QA assessment using a FTR approach in order to evaluate the quality of awareness 
support. Their awareness checklist proposal was adapted to be used with a broader profile or 
respondents and a different scale (they used a binary scale while we used likert). The 
statements used to evaluate the 54 design categories were translated to the respondents’ native 
language (Brazilian Portuguese) and the resulting radar graph has been adapted to display 
only positive results, as this makes easier to compare the evaluated tools among themselves. 
 
This research also relates to the research conducted by Papadopoulos (2006) as we intend to 
analyze the quality of awareness, although in a completely different subject (agile 
collaborative applications x network protocols). The related work aims to improve awareness 
through hardware means, by proposing a network protocol. This work intends to improve 
awareness support by providing improving points for software developers.  
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4 METHODS 
 
The work in this research classifies as an applied research in its nature. According to 
Shneiderman (2013), science research projects that address basic and applied questions, seek 
theoretical and practical outcomes, and are inspired by curiosity-driven as well as mission-
driven goals are likely to have the greatest payoffs. In this research, the goal is awareness 
improvement analysis. 
 
According to its objectives, this research is descriptive. The descriptive approach classifies as 
a descriptive study, which exhibits some form of pattern within the material of interest, by 
means of general laws derived from systematic studies (CERVENY et al., 1991). 
 
Regarding its procedures, this research is bibliographical and a survey. Mining bibliographical 
data can be useful to find communities of researchers (MUHLENBACH; LALLICH, 2010). 
Surveys can gather insights about people’s attitudes, perceptions, intents, habits, awareness, 
experiences, and characteristics, both at significant moments in time and over time 
(MULLER, SEDLEY, 2015). The survey conducted in this research was based on the 
Awareness checklist proposal by Antunes et al. (2013) and can be found on APPENDIX A – 
Survey Questionnaire. 
 
4.1 Population 
 
As this research pretends to evaluate the quality of awareness in agile collaborative tools, the 
population of respondents needs to use or at least have certain knowledge about collaborative 
tools and related methodologies. As most of the companies that use agile are IT software 
companies, its owners and employees are the best subjects for validate this research results by 
responding the proposed survey. The Brazilian information technology and communication 
(ITC) market is the fourth biggest market in the world (SOFTEX, 2014). For the purposes of 
this research, the populations are Brazilian companies’ owners and employees. We gathered a 
sample of 200 valid assessments for data analysis using an online survey tool named Survey 
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Monkey, which was used to transcribe the respondents’ physical surveys and to gather more 
respondents using e-mail invitation. 
 
4.2 Research Steps 
 
4.2.1 Constructs 
 
The constructs for this research were based on the results of the SLR. Regarding its research 
fields, most of the concepts found in results addresses to the areas of CSCW (CSCW 
applications, classifications and Awareness) and Agile (agile collaboration tools, 
methodologies and practices). 
 
4.2.2 Research Model 
 
This research divides into five activities that address each specific objective, as shown in 
Figure 7. 
 
MAIN OBJECTIVE
OBJ1 – Identify CSCW 
classification criteria.
OBJ2 – Identify 
collaborative software 
tools used by agile 
distributed teams.
OBJ3 – Analyze the results of a survey used to evaluate the awareness support 
of agile collaboration tools.
Conduct Systematic 
Literature Review
Beginning of 
Research
Design survey
Conduct 
survey
Extract data 
Analyze data and 
document results
End of 
Research
 
Figure 7 – Objectives and related activities 
Source: Author 
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Synthetizing Figure 7, the SLR was conducted as means to identify CSCW supported 
software tools used by agile distributed teams. Some of the identified tools have been selected 
for an FTR assessment based on the Awareness checklist proposal described in the SLR 
background of this document and submitted as a survey. The resulting data was extracted, 
analyzed and further discussed as a validation of this research. 
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5 RESULTS 
 
The data analysis of this research uses the scores given by survey respondents regarding each 
collaboration tool outlined by the conceptual framework based on the SLR conducted in this 
work. 
 
About the respondent’s profile, Figure 8 indicates that 56.57% have more than 5 years of 
professional experience. Figure 9 indicates that 47.47% are Analysts, which is an adequate 
general occupation to evaluate the selected tools given their background area knowledge. Two 
respondents ignored these questions. More about the respondents profile is available in 
APPENDIX B – Additional Research Data. 
 
 
Figure 8 – Respondents time of professional experience 
Source: Author 
6.57%
(13)
12.63%
(25)
24.24%
(48)
56.57% 
(112)
Respondents time of professional experience
Less than a year
From one to two years
From three to five
years
More than 5 years
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Figure 9 – Respondents current occupation in companies 
Source: Author 
 
The tools selected for evaluation were decided during a brainstorming session with other 
researchers of the FUMEC Master’s program, which considered that the majority of the 
identified tools in the SLR were concluded to be out of the context of most of the Brazilian IT 
companies.  
 
As shown in Figure 10, the most selected tool for evaluation was Microsoft Project, with 44 
respondents (22%), followed closely by Microsoft Team Foundation, with 43 respondents 
(21.50%), and Microsoft Share point, with 34 respondents (17%). 
0.51%
(1)
5.05%
(10) 7.07%
(14)
47.47%
(94)
3.03%
(6)
7.07%
(14)
2.53%
(5)
11.11%
(22)
8.59%
(17)
7.58%
(15)
Respondents current occupation in companies
President/CEO
Manager
Coordinator
Analyst
Consultant
Project Manager
Supervisor
Technician
Intern
Other
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Figure 10 – Respondents chosen tool to evaluate 
Source: Author 
 
The survey applied was adapted from the Awareness checklist proposal of Antunes et al. 
(2013), with each of the 54 statements of design elements translated to the respondents’ native 
language (Brazilian Portuguese) and switching the score scale to a Likert form, with ratings as 
it follows: 
 
• Strongly Agree: +3.0 points; 
• Agree: +1.5 points; 
• Neutral: 0 points; 
• Disagree: -1.5 points; 
• Strongly disagree: -3.0 points; 
 
Considering that the best score possible in each awareness category is 300.00 points and the 
worst is -300.00 points, the scores were further increased with 300 points in order to display 
only positive scores for a better visualization, therefore the adjusted report has a 0 to 600 
points scale. 
44
43
34
21
16
13
9
6
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3
1
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Microsoft Project
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Mantis
Trello
IBM Rational Team Concert
Bugzilla
Redmine
Primavera
DotProject
Thoughtworks Mingle
Respondents chosen tool to evaluate
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Figure 11 and Table 20 presents the results of the tools awareness categories support. 
 
 
Figure 11 – Awareness Report General Results 
Source: Author 
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Microsoft Project 44 334.93 239.27 311.75 311.93 355.46 352.98 
Microsoft TFS 43 394.02 238.23 351.55 350.55 401.98 378.42 
Microsoft Sharepoint 34 368.17 280.9 384.37 360.35 382.5 350.49 
Atlassian/JIRA 21 376.03 142.48 293.78 351.73 392.96 341.43 
Mantis 16 297.84 105.71 388.3 420.96 435.19 376.58 
0
120
240
360
480
600
Collaboration
Awareness
Location Awareness
Context Awareness
Social Awareness
Workspace
Awareness
Situation Awareness
Awareness Report General Results
Microsoft Project Atlassian/JIRA Microsoft TFS Microsoft Sharepoint
Trello ThoughtWorks Mingle Mantis Bugzilla
Primavera DotProject Redmine IBM RTC
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Trello 13 370.06 194.54 288.56 318.24 353.4 286.62 
IBM RTC 9 310.97 183.99 241.97 262.69 257.89 223.64 
Bugzilla 6 256.6 174 235.98 245.05 293.53 302.52 
Redmine 6 330.35 149.9 296.125 366.75 407 385.9 
Primavera 4 288.83 253.13 299.41 275.82 312.18 295.02 
DotProject 3 362.1 349.5 389.3 368.7 393.2 378.55 
ThoughtWorks Mingle 1 545.4 550.2 520.2 508.95 510.15 483.75 
Table 20 – Final tool scores for each awareness category with number of respondents 
Source: Author 
 
Table 21 presents a rating and feedback based on the achieved score range. 
 
Score range Rating Feedback 
Under 120 points Poor Critical issues in the awareness category support. 
From 120 to 240 points Fair Several points of improvement in the awareness category 
support. 
From 240 to 360 points Average Average awareness category support. 
From 360 to 480 points Good Adequate awareness category support. 
Over 480 points Excellent Optimal awareness category support. 
Table 21 – Generic feedback based on the achieved score range 
Source: Author 
 
Figures 12 to 23 exhibits each assessed tool followed by a quantitative analysis regarding 
their individual awareness scores. 
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Figure 12 – Microsoft Project awareness report 
Source: Author 
 
Microsoft Project is a project management software program designed to assist a project 
manager in developing a plan, assigning resources to tasks, tracking progress, managing the 
budget, and analyzing workloads. As the most assessed tool, with 44 respondents, it is 
considered the most accurate awareness report. 
 
• Microsoft Project Collaboration Awareness rating: Average 
• Microsoft Project Location Awareness rating:  Fair 
• Microsoft Project Context Awareness rating:  Average 
• Microsoft Project Social Awareness rating:  Average 
• Microsoft Project Workspace Awareness rating: Average 
• Microsoft Project Situation Awareness rating:  Average 
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Figure 13 – Microsoft Team Foundation Server awareness report 
Source: Author 
 
Microsoft Team Foundation Server (commonly abbreviated to TFS) is a Microsoft product 
that provides source code management, reporting, requirements management, project 
management (for both agile software development and waterfall teams), automated builds, lab 
management, testing and release management capabilities. It was the second most evaluated 
tool with 43 respondents. 
 
• Microsoft TFS Collaboration Awareness rating: Good 
• Microsoft TFS Location Awareness rating:  Fair 
• Microsoft TFS Context Awareness rating:  Average 
• Microsoft TFS Social Awareness rating:  Average 
• Microsoft TFS Workspace Awareness rating:  Good 
• Microsoft TFS Situation Awareness rating:  Good 
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Figure 14 – Microsoft SharePoint awareness report 
Source: Author 
 
Microsoft SharePoint is a web application that is primarily sold as a document management 
and storage system, but the product is highly configurable and usage varies substantially 
between organizations. As it was assessed by 34 respondents (the third most chosen tool to 
evaluate) with generally higher ratings for all categories, it is considered by the author the 
best-evaluated tool for collaborative work in this research. 
 
• Microsoft SharePoint Collaboration Awareness rating: Good 
• Microsoft SharePoint Location Awareness rating: Average 
• Microsoft SharePoint Context Awareness rating: Good 
• Microsoft SharePoint Social Awareness rating:  Good 
• Microsoft SharePoint Workspace Awareness rating: Good 
• Microsoft SharePoint Situation Awareness rating: Average 
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Figure 15 – Atlassian/JIRA awareness report 
Source: Author 
 
JIRA is an issue tracking and project management web-based solution. It was assessed by 21 
respondents (10.5% of all evaluations made) and its highest awareness score is workspace 
awareness, with 392.96 points. It has the second lowest score for location awareness (142.48) 
and the third lowest for context awareness (293.78). 
 
• Atlassian/JIRA Collaboration Awareness rating: Good 
• Atlassian/JIRA Location Awareness rating:  Fair 
• Atlassian/JIRA Context Awareness rating:  Average 
• Atlassian/JIRA Social Awareness rating:  Average 
• Atlassian/JIRA Workspace Awareness rating:  Good 
• Atlassian/JIRA Situation Awareness rating:  Average 
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Figure 16 – Mantis awareness report 
Source: Author 
 
Mantis is a free and open source, web-based bug tracking system, often configured by users to 
serve as a more generic issue tracking system and project management tool. Other than 
Mingle, it has achieved the highest given score for workspace awareness and well above the 
others in social awareness, with 420.96 points against 360.35 points of the third best 
evaluated, Microsoft SharePoint. On the other hand, it has achieved the lowest score on 
location awareness, therefore is the least suitable tool to use with co-located distributed teams. 
As it achieved 297.84 points score in collaboration awareness, which is one of the most 
important awareness types in this research (as we are focusing specially on the collaborative 
aspects of tools), it must be pointed out as another major deficiency in this case. 
` 
• Mantis Collaboration Awareness rating:  Average 
• Mantis Location Awareness rating:  Poor 
• Mantis Context Awareness rating:  Good 
• Mantis Social Awareness rating:   Good 
• Mantis Workspace Awareness rating:  Good 
• Mantis Situation Awareness rating:  Good 
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Figure 17 – Trello awareness report 
Source: Author 
 
Trello is a web-based project management application originally made by Fog Creek Software 
in 2011, which became to be its own company in 2014. Same as most evaluated tools, Trello 
has a considerably low score for location awareness, 194.54 points. Trello also has the second 
lowest score for situation and context awareness, with 286.62 and 288.56 points respectively, 
pointing out deficiencies regarding its sense making and virtual rooms functionalities. 
 
• Trello Collaboration Awareness rating:  Good 
• Trello Location Awareness rating:  Fair 
• Trello Context Awareness rating:  Average 
• Trello Social Awareness rating:   Average 
• Trello Workspace Awareness rating:  Average 
• Trello Situation Awareness rating:  Average 
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Figure 18 – IBM Rational Team Concert awareness report 
Source: Author 
 
IBM Rational Team Concert is a software development team collaboration tool developed by 
the Rational Software brand of IBM and is available in both client versions and a web 
version. It provides a collaborative environment that software development teams use to 
manage aspects of their work such as plans, tasks, revision control, build management, and 
reports. It has achieved low scores (fair ratings) for location and situation awareness. 
 
• IBM RTC Collaboration Awareness rating: Average 
• IBM RTC Location Awareness rating:  Fair 
• IBM RTC Context Awareness rating:  Average 
• IBM RTC Social Awareness rating:  Average 
• IBM RTC Workspace Awareness rating: Average 
• IBM RTC Situation Awareness rating:  Fair 
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Figure 19 – Bugzilla awareness report 
Source: Author 
 
Bugzilla is a web-based general-purpose bug tracker and testing tool originally developed and used by 
the Mozilla project. 
 
• Bugzilla Collaboration Awareness rating: Average 
• Bugzilla Location Awareness rating:  Fair 
• Bugzilla Context Awareness rating:  Fair 
• Bugzilla Social Awareness rating:  Average 
• Bugzilla Workspace Awareness rating:  Average 
• Bugzilla Situation Awareness rating:  Average 
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Figure 20 – Redmine awareness report 
Source: Author 
 
Redmine is an open source flexible project management web application, mostly used as an 
issue tracking system. As with Mantis, it also got a considerably low score for location 
awareness (149.0 points), being then another tool not suitable to use with co-located 
distributed teams. Redmine got the highest score for Situation Awareness, 385.9 points, being 
then the most suitable tool to improve the relationships between environmental changes and 
organizational responses. Its relative low context awareness score (296.12 points) also points 
to a lack of virtual space related functionalities. 
 
• Redmine Collaboration Awareness rating: Average 
• Redmine Location Awareness rating:  Fair 
• Redmine Context Awareness rating:  Average 
• Redmine Social Awareness rating:  Good 
• Redmine Workspace Awareness rating:  Good 
• Redmine Situation Awareness rating:  Good 
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Figure 21 – Primavera awareness report 
Source: Author 
 
Primavera is an enterprise project portfolio management software that includes project 
management, product management, collaboration, control capabilities, and integrates with 
other enterprise software such as Oracle and SAP’s ERP systems. With mostly low scores, 
Primavera stands below the standards of the Awareness checklist proposal. Its lowest score is 
social awareness, with 275.82 points, indicating a higher chance of usage issues related to 
social practice and context among team workers. 
 
• Primavera Collaboration Awareness rating: Average 
• Primavera Location Awareness rating:  Average 
• Primavera Context Awareness rating:  Average 
• Primavera Social Awareness rating:  Average 
• Primavera Workspace Awareness rating: Average 
• Primavera Situation Awareness rating:  Average 
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Figure 22 – DotProject awareness report 
Source: Author 
 
DotProject is a volunteer supported project management application. Along with Mingle, 
were the only ones with all individual awareness scores ranked positive, but its individual 
awareness scores are probably less accurate, as it were evaluated by only three assessments. 
Its higher awareness score is workspace awareness (393.2 points) and its lowest is location 
awareness (349.5 points). 
 
• DotProject Collaboration Awareness rating: Good 
• DotProject Location Awareness rating:  Average 
• DotProject Context Awareness rating:  Good 
• DotProject Social Awareness rating:  Good 
• DotProject Workspace Awareness rating: Good 
• DotProject Situation Awareness rating:  Good 
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Figure 23 – ThoughtWorks Mingle awareness report 
Source: Author 
 
ThoughtWorks Mingle is a project management tool that enables companies of all sizes to 
implement and scale agile practices. Although it was classified with the highest awareness 
overall score by far, its individual awareness scores cannot be considered as much as others in 
this list as it was assessed by only one respondent. Its higher score is collaboration awareness 
(545.4 points) and its lowest is situation awareness (483.75 points). 
 
• Mingle Collaboration Awareness rating: Excellent 
• Mingle Location Awareness rating:  Excellent 
• Mingle Context Awareness rating:  Excellent 
• Mingle Social Awareness rating:   Excellent 
• Mingle Workspace Awareness rating:  Excellent 
• Mingle Situation Awareness rating:  Excellent 
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5.1 Data Analysis 
 
The results are being discussed in two fronts: identified collaborative agile tools and the 
analysis of the awareness reports. The identified collaborative agile tools section shows what 
are the tools related to agile methodologies. The analysis of the awareness reports provides 
insights on the results patterns in each awareness category as well as in different groupings, 
such as manufacturer or open source and commercial solutions. Gathering more information 
on the selected tools allowed different groupings. 
 
5.1.1 Analysis of the Selected Tools Awareness Reports 
 
In order to understand the awareness reports and propose some insights about the reviewed 
tools, first we gathered more information about the software’s, such as manufacturer, release 
date, commercial license and related agile methodologies (according the SLR) as shown in 
Table 22. 
 
Software Tool Manufacturer Initial 
Release 
Year 
License Related Agile 
Methodologies 
Microsoft Share 
point 
Microsoft 
Corporation 
2001 Proprietary Scrum 
Microsoft Team 
Foundation 
Server 
Microsoft 
Corporation 
2005 Proprietary XP, Scrum, 
Custom Hybrid, 
Agile Modeling, 
FDD 
Mantis Mantis Project 
(Open source 
contributors) 
2000 Open source (GPL) Scrum 
Redmine Jean-Philippe 
Lang 
2006 Open source (GPL) N/A 
Microsoft Microsoft 1985 Proprietary XP 
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Project Corporation 
Atlassian/JIRA Atlassian Inc, 2002 Proprietary, free for use by 
official non-profit 
organizations, charities, and 
open-source projects, but 
not governmental, academic 
or religious organizations 
Scrum 
Trello Fog Creek 
Software 
2011 Proprietary N/A 
Bugzilla Mozilla 
Foundation 
1998 Open Source (Mozilla 
Public License) 
Iterative 
Development 
IBM Rational 
Team Concert 
Rational Software 2008 Proprietary (IBM End User 
License Agreement) 
N/A 
ThoughtWorks 
Mingle 
ThoughtWorks 2007 Proprietary XP 
DotProject Source forge 
Community 
2000 Open Source (Freeware) N/A 
Primavera Oracle 
Corporation 
(Previously 
Primavera 
Systems) 
1983 Proprietary N/A 
Table 22 – Details of the awareness reports’ tools 
Source: Author 
 
Next, given the information on Table 22, some new insights are possible by grouping the 
assessed tools with different criteria. 
 
5.1.1.1 Tools developed/owned by the Microsoft Corporation (Share point, Team 
Foundation Server and Project) 
 
Microsoft Share point, Team Foundation Server and Project corresponded to 25% of the 
assessed tools, and combining those results in 121 of the 200 assessments of the survey, 
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which is an expressive 60.5% of the gathered sample. It is also possible to remark other 
considerations in their reports: 
 
• Microsoft Share point and Team Foundation Server achieved the best overall results; 
• All of Microsoft tools are related with agile methodologies; 
• Microsoft Share point is the collaborative software with most relations with agile 
methodologies (XP, Scrum, Custom Hybrid, Agile Modeling and FDD); 
 
5.1.1.2 Tools with Open source licensing x Proprietary tools 
 
Atlassian/JIRA, (which is proprietary, but free for use by official non-profit organizations, 
charities, and open-source projects, but not governmental, academic or religious 
organizations), there are roughly 50-50% of Open source and Proprietary tools, which shows 
that there are free viable and available alternatives for collaborative software. 
 
5.1.2 Awareness Categories Rankings 
 
In this section, we present the tools results on each awareness category separate. The purpose 
is to rank the tools according their awareness support on each aspect. Although Mingle ranked 
far higher than others did, it is up to debate if it counts as a better rank tool, as it was assessed 
by only one person. 
 
It is important to note that the goal is not encouraging developers to incorporate unnecessary 
features to an application, but rather to encourage reflection about which awareness elements 
would be valuable in a particular scenario (Antunes et al., 2013). 
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5.1.2.1 Collaboration Awareness Support Ranking 
 
 
Figure 24 – Collaboration Awareness Support Ranking 
Source: Author 
 
Figure 24 shows the ordered rank of collaboration awareness support. Five tools achieved a 
Good rating score while six achieved Average scores. 
 
• Top three collaboration awareness evaluated tools: ThoughtWorks Mingle, Microsoft 
Team Foundation Server and Atlassian/JIRA. 
• Worst collaboration awareness evaluated tool: Bugzilla. 
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5.1.2.2 Location Awareness Support Ranking 
 
 
Figure 25 – Location Awareness Support Ranking 
Source: Author 
 
Figure 25 shows the ordered rank of location awareness support. Three tools achieved a Good 
score rating while eight tools achieved Fair scores. Mantis achieved a Poor rating score with 
105.71 points. Location awareness was the lowest overall evaluated awareness category. It is 
possible to assumption that this category achieves lower scores due to some specific design 
elements such as spatiality, mobility and physicality design categories. 
 
• Top three location awareness evaluated tools: ThoughtWorks Mingle, DotProject and 
Microsoft Share point. 
• Worst location awareness evaluated tool: Mantis. 
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5.1.2.3 Context Awareness Support Ranking 
 
 
Figure 26 – Context Awareness Support Ranking 
Source: Author 
 
Figure 26 shows the ordered rank of location awareness support. Three tools achieved a Good 
score rating while eight tools achieved Fair scores. Other than Mingle, the context awareness 
report didn’t present any major deviation. 
 
• Top three context awareness evaluated tools: ThoughtWorks Mingle, DotProject and 
Mantis. 
• Worst context awareness evaluated tool: Bugzilla. 
  
520.2
389.3 388.3
384.37
351.55
311.75
299.41 296.125 293.78 288.56
241.97 235.98
0
120
240
360
480
600
Context Awareness Support
75 
 
5.1.2.4 Social Awareness Support Ranking 
 
 
Figure 27 – Social Awareness Support Ranking 
Source: Author 
 
Figure 27 shows the ordered rank of social awareness support. Four tools achieved a Good 
score rating while seven tools achieved Average scores. Other than Mingle, the context 
awareness report did not present any major deviation. 
 
• Top three social awareness evaluated tools: ThoughtWorks Mingle, Mantis and 
DotProject. 
• Worst social awareness evaluated tool: Bugzilla.  
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5.1.2.5 Workspace Awareness Support Ranking 
 
 
Figure 28 – Workspace Awareness Support Ranking 
Source: Author 
 
Figure 28 shows the ordered rank of workspace awareness support. Six tools achieved a Good 
score rating while five tools achieved Average scores. Workspace awareness was the highest 
overall evaluated awareness category, probably because information regarding the artifacts of 
a project is the most used function of collaborative software. 
 
• Top three workspace awareness evaluated tools: ThoughtWorks Mingle, Mantis and 
Redmine. 
• Worst workspace awareness evaluated tool: IBM Rational Team Concert. 
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5.1.2.6 Situation Awareness Support Ranking 
 
 
Figure 29 – Situation Awareness Support Ranking 
Source: Author 
 
Figure 29 shows the ordered rank of situation awareness support. Four tools achieved a Good 
score rating while Six tools achieved Average scores. IBM Rational Team Concert achieved a 
Fair score rating, being the tool with most improvement point on this subject. 
 
• Top three situation awareness evaluated tools: Thoughtworks Mingle, Redmine and 
DotProject. 
• Worst situation awareness evaluated tool: IBM Rational Team Concert. 
  
483.75
385.9
378.55 378.42 376.58
352.98 350.49 341.43
302.52 295.02 286.62
223.64
0
120
240
360
480
600
Situation Awareness
78 
 
5.1.3 CSCW Classification of Selected Tools 
 
In order to understand the main aspects of the selected tools according to the Time Space 
Matrix, we have classified the tools according to the diagram proposal of Rodden (1991), as 
shown in Figure 30. 
Asynch
Synch
Co-Located Remote
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te
r
a
c
ti
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n
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Microsoft Project
Atlassian/JIRA
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Microsoft Sharepoint
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Bugzilla
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DotProject
 
Figure 30 – Selected tools according the time space matrix classification 
Source: Author 
 
As demonstrated by the diagram, the tools are divided only by those which provides 
synchronous support (most by offering instant chat or virtual communications rooms and 
groups) and those which cannot (being only capable of sharing information asynchronously). 
The location becomes irrelevant as most tools that operates in different locations (with 
communication provided by network, especially the internet) can also operate in the same 
location using two different network connected devices. Five tools offer synchronous and 
asynchronous features and the other seven only offers asynchronous support. Awareness 
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support is a great challenge for synchronous CSCW, where interactive responsiveness is the 
foremost goal (PAPADOPOULOS, 2006). 
 
5.2 Discussion 
 
According to Antunes et al. (2013), since one aim of the checklist is to provide across-the-
board guidelines for system designers, it is best suited to those who do not have much 
experience with CSCW, although it can also be useful as a reminder for experienced CSCW 
designers. 
 
5.2.1 Threats to Validity 
 
According to Antunes et. al (2013), a simple approach to do assessments is by asking users 
about it. After all, users in a general sense are the final judges on the quality of a system. 
 
The main threat to the validity of this research is about the capability of the respondents to 
evaluate the collaborative tools. A tool implemented to do a concrete function can be used to 
do other ones. E-mail is designed for communication in dispersed spaces, but it could be used 
in the same space (Penichet et al., 2007). As our sample was not entirely composed of CSCW 
experts, this was the main reason to adapt the answers to a relative (likert scale) perspective, 
as they are not fit to declare that a tool has or not a design implementation, only to assess if 
they know if it has it or not and how well implemented it is in their opinion. 
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6 CONCLUSION 
 
The SLR provided this research enough theoretical foundation as well as a valuable list of the 
current state of art collaborative tools used to work in critical environments, such as agile 
distributed collaborative work. The survey and its resulting data analysis offered an important 
contribution to the area, as it can be understand as the beginning of something bigger, which 
is the opportunity to assess the quality of awareness in any collaborative software used in 
small or bigger business projects. 
 
The concept behind the survey, the Awareness checklist was used to assess tools by CSCW 
experts was applied to non-experts and  the results were less specific easier to gather a greater 
number of evaluators. It has demonstrated to be able to assess the tools’ software developers 
on how to improve certain aspects of the product in order to achieve their customers’ 
satisfaction. On the customer side, the same concept has been successfully applied to outline 
the tools main advantages and disadvantages, acting as a quality reviewer that can be used to 
choose which collaborative tool should be adopted according to their awareness categories 
strengths and weaknesses. New patterns can be easier identified using the adjusted awareness 
report graph. 
 
About the awareness reports scores, most assessed tools achieved relative low scores for 
location awareness when compared to other awareness categories. This can be interpreted as a 
deficiency in the criteria used to evaluate the category or a general deficiency in location 
awareness, which may be plausible given that most of the assessed tools have an initial 
release of 10+ years, which is before of the mobile technologies uprising that made a 
significant impact on most of the evaluated location awareness aspects (such as GPS 
orientation on devices with internet access). On the other hand, even the newer tools got low 
scores for this category. 
 
The main objective of this research was to review the quality of awareness support in 
collaborative tools used by agile teams. The specific objectives were identifying CSCW 
classification criteria, identify collaborative software tools used by agile distributed teams and 
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analyze the results of a survey used to evaluate the awareness support of agile collaboration 
tools. We understand that the obtained list related with agile methodologies and the used 
methodology were able to achieve these goals and showed both quantitative and qualitative 
analysis that validates the research. 
 
A future proposal of this research can be the implementation of the used survey as a 
collaboration tool itself, by allowing reviewing the quality of awareness in any desired 
software tool and sharing collective results over the internet. As more users input their 
assessments and share their tool usage experiences, the more relevant the scores can be seen, 
perhaps even resulting in an viable commercial solution used to help users better choose their 
market options to improve their business goals. 
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APPENDIX A – Survey Questionnaire 
 
Instructions: Evaluate according the given likert scale each design element of the chosen 
assessment tool. 
 
Assessed tool: ___________________________ 
Date: __________________________________ 
 
Awareness Checklist Assessment (PT-BR) 
ID Questão Discordo 
Plenamente Discordo Neutro Concordo 
Concordo 
Plenamente 
AWC-AA001 
O sistema informa quem são os 
usuários disponíveis para 
colaboração. 
     
AWC-AA002 
O sistema informa se outros 
usuários estão trabalhando 
online, offline ou ambos. 
     
AWC-AA003 
O sistema informa quando a 
conectividade de rede é perdida 
ou recuperada. 
     
AWC-AA004 
O sistema informa o usuário 
que suas mensagens foram 
recebidas pelos destinatários. 
     
AWC-AA005 
O sistema informa os usuários 
sobre o tempo gasto na entrega 
da mensagem. 
     
AWC-AA006 
O sistema indica a localização 
física de potencias 
colaboradores. 
     
AWC-AA007 
O sistema informa se outros 
usuários estão nas 
proximidades. 
     
AWC-AA008 
O sistema indica a distância 
física para outros usuários.      
AWC-AA009 
O sistema indica a orientação 
de outros usuários (ex.: quando 
estão se aproximando). 
     
AWC-AA010 
O sistema fornece pistas sobre 
o centro de atividades do 
usuário (ex.: o que estão 
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acessando). 
AWC-AA011 
O sistema indica o tipo de 
mobilidade dos usuários (ex.: se 
estão a passeio, visitando 
cliente ou em viagem). 
     
AWC-AA012 
O sistema reconhece o tipo de 
mobilidade do dispositivo (ex.: 
se o dispositivo está parado ou 
em movimento pelo usuário). 
     
AWC-AA013 
O sistema reconhece se o 
dispositivo é independente de 
outros, componente de outro 
(ex.: carro), ou espalhado pelo 
ambiente. 
     
AWC-AA014 
O sistema lida com as premissas 
impostas pelo ambiente físico 
onde é utilizado. 
     
AWC-AA015 
O sistema tem uma metáfora 
para locais físicos (ex.: sala de 
reunião e cantina). 
     
AWC-AA016 
O sistema fornece pistas sobre 
a complexidade do ambiente 
físico onde é utilizado. 
     
AWC-AA017 
O sistema fornece pistas sobre 
as condições ambientais do 
local onde é utilizado (ex.: 
condições climáticas). 
     
AWC-AA018 
O sistema suporta o conceito de 
"locais virtuais" (locais 
diferentes para colaboração, 
ex.: salas de bate papo). 
     
AWC-AA019 
O sistema representa a 
topologia do ambiente virtual 
(ex. Menu de seleção de locais 
virtuais). 
     
AWC-AA020 
O sistema fornece uma visão 
geral do ambiente virtual.      
AWC-AA021 
O sistema permite os usuários 
assistir as atividades dos outros.      
AWC-AA022 
O sistema permite o 
compartilhamento de objetos/ 
recursos entre usuários. 
     
AWC-AA023 
O sistema identifica os 
objetos/recursos de acesso 
público. 
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AWC-AA024 
O sistema exibe os atributos 
dos objetos/recursos no 
ambiente de trabalho. 
     
AWC-AA025 
O sistema exibe o 
relacionamento entre 
objetos/recursos no mesmo 
ambiente de trabalho. 
     
AWC-AA026 
O sistema fornece pistas sobre 
limitações dos objetos/recursos 
(como localidade ou 
propriedade). 
     
AWC-AA027 
O sistema exibe as funções dos 
usuários.      
AWC-AA028 
O sistema exibe pistas sobre as 
atividades atuais dos usuários.      
AWC-AA029 
O sistema informa o usuário 
sobre os privilégios de acesso 
de outros. 
     
AWC-AA030 
O sistema ressalta as 
convençoes/protocolos 
acordados pelos usuários para 
colaborar (ex.: quem é o lider 
da conversa).  
     
AWC-AA031 
O sistema indica quem está 
fazendo uma determinada 
tarefa. 
     
AWC-AA032 
O sistema exibe a atividade 
sendo realizada de um usuário 
em específico. 
     
AWC-AA033 
O sistema indica o local onde 
um específico usuário está 
trabalhando. 
     
AWC-AA034 
O sistema informa quando uma 
tarefa está sendo (ou foi) 
realizada. 
     
AWC-AA035 
O sistema fornece indicações de 
como uma tarefa está sendo 
(ou foi) realizada. 
     
AWC-AA036 
O sistema exibe a sequência de 
tarefas realizada ao longo do 
tempo. 
     
AWC-AA037 
O sistema fornece feedback 
sobre as ações recentes dos 
usuários. 
     
AWC-AA038 
O sistema notifica os usuários 
sobre as ações recentes dos 
usuários. 
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AWC-AA039 
O sistema notifica o usuário se 
outros estão acompanhando o 
que ele está fazendo. 
     
AWC-AA040 
O sistema fornece pistas sobre 
o que os usuários estão 
assistindo. 
     
AWC-AA041 
O sistema fornece feedback 
sobre quem está conversando 
com quem. 
     
AWC-AA042 
O sistema indica se os usuários 
estão fazendo atividades 
paralelas. 
     
AWC-AA043 
O sistema indica se os usuários 
estão realizando atividades 
coordenadas (ex.: seguindo um 
fluxo de trabalho). 
     
AWC-AA044 
O sistema informa se os 
usuários estão realizando 
atividades mutuamente 
ajustadas (ex.: modificando 
seus trabalhos conforme as 
atividades dos outros). 
     
AWC-AA045 
O sistema notifica a respeito de 
quem está no controle de 
objetos/recursos 
compartilhados. 
     
AWC-AA046 
O sistema exibe eventos 
anteriores ocorridos no 
ambiente colaborativo como 
forma de ajudar os usuários a 
entender o que está 
acontecendo. 
     
AWC-AA047 
O sistema exibe as ações dos 
usuários ao longo do tempo.      
AWC-AA048 
O sistema exibe as alterações 
em objetos ao longo do tempo.      
AWC-AA049 
O sistema destaca a presença 
de problemas críticos no 
ambiente de trabalho (ex. 
Eventos ou situações). 
     
AWC-AA050 
O sistema fornece visão 
estratégica sobre o que está 
acontecendo no ambiente de 
trabalho. 
     
AWC-AA051 
O sistema fornece pistas sobre 
situações futuras que podem 
ocorrer no ambiente de 
trabalho. 
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AWC-AA052 
O sistema prove informações 
que ajudam os usuários a 
refletir sobre seu plano de ação. 
     
AWC-AA053 
O sistema fornece pistas sobre 
mudanças no ambiente de 
trabalho que podem ser 
relevantes para o plano de 
ação. 
     
AWC-AA054 
O sistema prove informações 
que ajudam os usuários a 
compartilhar um senso de 
metas e realizações. 
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APPENDIX B – List of identified collaborative software tools related with agile 
methodologies 
 
Collaborative software tool (1/3) 
Number of related 
papers 
Related agile methodologies 
Agile Project MAnagement TooL 
(APMAL) 
2 XP, Scrum 
Agile Software Product line 
Engineering (ASPEN) 
1 Scrum 
Agilefant 1 XP 
Agilo for Scrum 1 XP 
Agilo for track 1 XP 
Argo UML 1 Agile Modeling 
ASAP Tool 1 XP 
aWall 4 Custom Hybrid 
BT Meetme 1 XP, Scrum 
Bugzilla 1 Iterative Development 
Confluence 3 Scrum 
DotStories 2 XP 
Enterprise Architect 1 Agile Modeling 
Facetop 1 XP 
FireScrum 1 Scrum 
Go (Continous Integration) 1 XP 
Greenhopper (JIRA) 3 XP, Scrum 
JIRA 8 Scrum 
KumbangTools 1 XP 
Magic Draw 1 Agile Modeling 
Mantis 1 Scrum 
MASE 1 XP, Scrum 
MasePlanner 1 XP 
MEX Experience Boards 1 XP, Scrum 
Microsoft Excel 4 XP, Scrum 
Microsoft Project 1 XP 
Microsoft Sharepoint 1 Scrum 
Microsoft Team Foundation Server 7 
XP, Scrum, Custom Hybrid, Agile 
Modeling, FDD 
Microsoft Visual Studio Tools for 
Office 
1 Scrum 
Mingle 3 XP 
MS Communicator 1 XP, Scrum 
MS Live Meeting 1 XP, Scrum 
Net Meeting 1 XP, Scrum 
Planbox 2 XP 
Process Manager 1 Custom Hybrid 
ProjectCards 3 XP 
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Rally 3 XP 
Rational Rose 1 Agile Modeling 
ReviewClipse 1 Custom Hybrid 
Sangam (Eclipse Plugin) 1 XP 
Scrum for Team System 1 XP 
ScrumDesk 1 XP 
ScrumHalf 1 XP 
Scrumpy 1 XP 
ScrumWorks 2 XP, Scrum 
Skype 1 Scrum 
Sourceforge 1 XP, Scrum 
SPIALS 1 Scrum 
SpiraTeam 1 Scrum 
Subversion 1 Scrum 
TargetProcess 1 XP 
tinyPM 2 XP 
Trac 1 XP, Scrum 
Twiki 2 XP, Scrum, Iterative Development 
UMLet 2 Agile Modeling 
VersionOne 3 XP 
Virtual Scrum 2 Scrum 
VisionProject 1 XP 
Visual Paradigm (Visual Studio 
plugin) 
1 Agile Modeling 
Waccplanner 1 Iterative Development 
Web conferencing 1 XP, Scrum, Iterative Development 
Wordpress (Used as CMS) 1 Scrum 
Xplanner 3 Scrum 
XPSuite 1 XP 
Table 23 – Full list of identified collaborative software tools with mentioned relation with agile 
methodologies in alphabetical order 
Source: Author  
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APPENDIX C – Additional Research Data 
 
 
Figure 31 – Respondents companies activity segment 
Source: Author 
 
 
Figure 32 – Respondents company size 
Source: Author 
14.29%
(25)
32%
(56)52.57%
(92)
6.29%
(11)
Respondents activity segments
Industrial
Commercial
Service
Public
Administration
14.29%
(25)
32%
(56)52.57%
(92)
6.29%
(11)
Respondents company size
Micro enterprise (under 20 in Indstry; under 10 in Commerce and Services)
Small enterprise (between 20 and 99 in Indstry; between 10 and 49 in Commerce and Services)
Medium enterprise (between 100 and 499 in Indstry; between 50 and 99 in Commerce and Services)
Small enterprise (over 499 in Indstry; over 99 in Commerce and Services)
